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Abstract
Theories of partial supersymmetry breaking N = 2→ N = 1 in four dimensions are
derived by coupling the N = 2 massless gravitino multiplet to N = 2 supergravity
in five dimensions and performing a generalized dimensional reduction on S1/Z2
with the Scherk-Schwarz mechanism. These theories agree with results that were
previously derived from four dimensions.
1 Introduction
Most supersymmetry phenomenology is based on the minimal supersymmetric standard
model, which is assumed to be the low energy limit of a more fundamental theory like
string theory or M-theory. Those fundamental theories are formulated in higher space-
time dimensions and possess an extended number of supersymmetries which have to be
spontaneously broken to arrive at a phenomenologically viableN = 1 model in four dimen-
sions. Hence dimensional reduction and partial supersymmetry breaking are both present
in this scenario. A technical tool that satisfies both features simultaneously is provided by
the Scherk-Schwarz mechanism [1] (also called generalized dimensional reduction), where
nontrivial boundary conditions for the fields along the compactified dimensions can lead
to spontaneously broken gauge and space-time symmetries. In this paper the simplest
setup to investigate partial supersymmetry breaking by generalized dimensional reduc-
tion is used, namely the partial breaking of N = 2 → N = 1 in four dimensions coming
from a theory in five dimensions. The focus is on the superHiggs effect, where Gold-
stone fermions from the broken supersymmetries become the longitudinal components of
massive gravitinos.
The physics that underlies this superHiggs effect for the spontaneous breaking of
N = 2 supersymmetry to N = 1 was investigated in a flat Minkowski background [2]
as well as in an anti-de Sitter (AdS) background [3], where theories were constructed
that describe partial supersymmetry breaking in a model-independent approach with a
minimal field content motivated by the superHiggs effect. In this paper these theories of
partial N = 2 → N = 1 supersymmetry breaking in four dimensions will be reproduced
by compactifying the massless N = 2 D = 5 massless gravitino multiplet1 on the orbifold
S1/Z2 and using the Scherk-Schwarz mechanism [1] to introduce a symmetry-breaking
mass parameter.2 In order to exhibit the superHiggs effect, this procedure must be carried
out in a supergravity background.
This derivation serves several purposes: The starting point of the investigation is the
massless N = 2 D = 5 gravitino multiplet Noether-coupled to N = 2 D = 5 supergravity
which leads to pure N = 4 D = 5 supergravity (without matter). This is a rather
simple theory that allows for easy extensions such as embedding into a higher N theory
or introducing matter couplings. Second, the theories obtained from five dimensions are
already out of unitary gauge, so that the symmetry breaking mass parameter m can be
set to zero with impunity. In particular, no singular Stu¨ckelberg redefinitions (containing
1/m-terms as in Ref. [2]) are required.
What other motivation apart from simplicity is there to look at a theory in five dimen-
sions? It seems natural to derive a massive 4-dimensional theory from a massless theory
in five dimensions, because the degrees of freedom of a massless D = 5 vector field (3)
and the degrees of freedom of a massless symplectic D = 5 Majorana spinor (4) match
those of their massive counterparts in D = 4. This transition can be easily implemented
by a Scherk-Schwarz compactification on S1, where it can be seen that the fifth compo-
1 Here, N = 2 refers to the lowest supersymmetry in five dimensions, corresponding to two symplectic
Majorana spinors, which are equivalent to one Dirac spinor.
2In Ref. [4] such a combination of orbifold projection and Scherk-Schwarz compactification was intro-
duced to derive string theories with spontaneously broken supersymmetry.
1
nents of a symplectic gravitino ΨiαM and a complex vector AM , Ψ
i
α4˙
and A4˙, provide the
longitudinal components of the massive 4-dimensional fields Ψiαm and Am.
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A natural candidate for partial supersymmetry breaking in four dimensions effected by
Scherk-Schwarz compactification on S1 would be pure N = 2 D = 5 supergravity [5, 6],
in particular since the degrees of freedom exactly match those of one of the minimal cases
(with two vectors) considered in Ref. [2]. Unfortunately, Scherk-Schwarz compactifica-
tion applied to this theory breaks both supersymmetries. In fact, any Scherk-Schwarz
compactification of N -extended supergravity on S1 breaks an even number of supersym-
metries, since the Scherk-Schwarz generator must be a generator of USp(N) [7]. This
can be circumvented by projecting out half of the states by compactifying on the orbifold
S1/Z2. In this paper, the length of the interval S
1/Z2 is assumed to be of the order of
the Planck length; hence only the massless Kaluza-Klein modes (possibly lifted by the
Scherk-Schwarz mass parameter) are retained.
The outline of the paper is as follows: In the second section the massless N = 2
D = 5 gravitino multiplet will be compactified on S1/Z2, yielding a massive N = 1
gravitino multiplet in four dimensions together with a spontaneously broken fermionic
gauge symmetry. In the third section, the massless N = 2 D = 5 gravitino multiplet
will be Noether-coupled to N = 2 D = 5 supergravity thus yielding N = 4 supergravity
before the dimensional reduction is carried out. The corresponding 4-dimensional theory
is shown to coincide with theories exhibiting partial supersymmetry breaking which were
derived from four dimensions [8, 9, 10].4
2 Generalized compactification of the massless N = 2
D = 5 gravitino multiplet
The massless N = 2 D = 5 gravitino multiplet contains two symplectic Majorana graviti-
nos ΨiM , two symplectic Majorana spinors Λi and four real vector fields. Its Lagrangian
and supersymmetry transformations can be conveniently obtained by truncation of the
N = 4D = 5 supergravity constructed in Ref. [14]. The conventions for the 5-dimensional
Dirac algebra and the symplectic geometry are presented in the Appendix.
The five abelian vector fields AijM i, j ∈ {1, ..., 4} in the 5-dimensional representation
of USp(4) which are part of the spectrum of N = 4 D = 5 supergravity satisfy the reality
condition [5]
AijM = (AMij)
∗ ,
3In this paper, i, j... denote symplectic indices, M,N ... are 5-dimensional world indices and m,n...
are 4-dimensional world indices. A dotted numerical index stands for a world index, to be distinguished
from undotted Lorentz indices.
4The geometric construction of [10] could be generalized to accommodate an arbitrary N = 2 matter
and gauge content [11] and to give masses to light mirror fermions [12]. String models exhibiting the
mass spectrum of partially broken supersymmetry were constructed in Refs. [13].
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and are parametrized by
AMij =


0 AM B¯M C¯M
−AM 0 −CM BM
−B¯M CM 0 −AM
−C¯M −BM AM 0

 , (1)
where AM is real and BM and CM are complex.
Truncation of the N = 4 D = 5 supergravity to the massless N = 2 gravitino multiplet
requires AM = 0. The remaining two complex vectors can be written as
AMia =
(−B¯M CM
−C¯M −BM
)
a, i ∈ {1, 2} ,
which corresponds to a decomposition USp(4) → USp(2) ⊗ USp(2) ∼= SU(2) ⊗ SU(2).
The field AM now carries two different symplectic indices i and a, indicating the two
independent SU(2)’s that it is charged under. Here,
Ωij = Ωab =
(
0 1
−1 0
)
.
The Lagrangian is given by
L = i
2
Ψ¯iMΓ
MNO∂NΨ
i
O −
i
2
Λ¯iΓ
M∂MΛ
i +
1
8
FMN
i
aF
MNa
i , (2)
and the supersymmetry transformations are
δΞΨ
i
M =
1
6
FNO
i
a(ΓM
NO + 2δ
[N
M Γ
O])Ξa
δΞAMa
i = − 2i√
3
Ξ¯aΓMΛ
i − 2iΞ¯aΨiM
δΞΛ
i = − 1
2
√
3
FMN
i
aΓ
MNΞa , (3)
where FMN
i
a = ∂[MAN ]
i
a
. In order to implement the Scherk-Schwarz mechanism on the
orbifold S1/Z2, the Z2 transformation and the generator T of a global symmetry of the
5-dimensional theory used for the Scherk-Schwarz mechanism must satisfy [15]
Z2e
imTx4 = eimT (−x
4)Z2 ⇔ {Z2, T} = 0 . (4)
In addition, the parity operation must be part of the discrete symmetries of the 5-
dimensional theory. The effect of the parity operator Z2 = ±
(
1 0
0 −1
)
⊗ iΓ4 on the
fields is listed in Tables 1 and 2. With the choice T = σ2 ∈ su(2) and the transformation
Φi → (eimσ2x4)ijΦj
for a generic field Φi having a symplectic i (not a) index, the generalized dimensional
reduction of the massless gravitino multiplet is completely specified.
3
λi ψim ψ
i
4 ξ
a i/a
Parity 1 -1 1 1 1
-1 1 -1 -1 2
Table 1: Fermionic parity assignment of D = 5 N = 2 gravitino multiplet in terms of
D = 4 Weyl spinors.
Bm B4 Cm C4
Parity -1 1 1 -1
Table 2: Bosonic parity assignment of D = 5 N = 2 gravitino multiplet in terms of D = 4
fields.
The limit l → 0 of the length l of the interval S1/Z2 is implicitly understood, so
that only the lowest even Fourier-modes of the fields which depend only on the first four
space-time co-ordinates x0, ..., x3 (zero-modes) need to be retained.
To simplify the identification of the physical fields in the 4-dimensional theory, the
following redefinitions are necessary to diagonalize and normalize the fermionic kinetic
terms:
Ψim → Ψim +
1
2
ΓmΓ
4Ψi4 , (5)
and νi =
√
3/2ψi4. Note that in (5) no terms ∼ 1/m∂mΨi4 as in Ref. [2] occur; in a
gravitational background, the covariantized form of this term would not leave the gravitino
kinetic term invariant and would therefore induce terms ∼ 1/m in the Lagrangian.
With additional “chiral” redefinitions Λi → −Γ4Λi and Ξa → Γ4Ξa the Lagrangian
becomes
L4 = ǫmnpqψ¯2mσ¯n∂pψ2q − iλ¯1σ¯m∂mλ1 − iν¯1σ¯m∂mν1
−1
4
CmnC¯
mn − 1
2
DmB4DmB¯4
−
√
3
2
m(iψ2mσ
mν¯1 + h.c.)−m(ν1ν1 + h.c.)
+
1
2
mλ1λ1 −mψ2mσmnψ2n + h.c. (6)
with supersymmetry transformations
δξCm = i
2√
3
ξ1σmλ¯1 + 2ξ
1ψ2m − i
√
2
3
ξ1σmν¯1
δξB4 =
2√
3
ξ1λ1 +
2
√
2√
3
ξ1ν1
δξλ
1 =
1√
3
C¯mnσ
mnξ1 +
i√
3
DmB4σmξ¯1
δξψ
2
m = −
i
2
C+mnσ
nξ¯1 +DmB¯4ξ1
δξν
1 = − 1√
6
C¯mnσ
mnξ1 + i
√
2
3
DmB4σmξ¯1 ,
4
where DmB4 = ∂mB4 − mCm and C+mn = ∂[mCn] + i2ǫmnrs∂[rCs]. The expression for
the gauge invariant derivative Dm shows that the complex scalar B4 is the Goldstone
boson of a spontaneously broken abelian gauge symmetry mediated by the vector Cm.
The spinor ν1 is the longitudinal component of the massive gravitino ψ2m. The massless
five-dimensional theory also contains a fermionic gauge symmetry:
δΘΨ
i
M =
2
κ
∂MΘ
i .
A generalized Scherk-Schwarz compactification leads to a spontaneously broken fermionic
symmetry:
δθψ
2
m = i
m
κ
σmθ¯2
δθν
1 =
√
6
m
κ
θ2 . (7)
Therefore, ν1 can also be interpreted as the Goldstino for this broken symmetry.
The Lagrangian for the massless gravitino multiplet (2) is not unique. In flat 5-
dimensional space-time a massless vector BM is dual
5 to an antisymmetric tensor GMN
∂[MBN ] =
1
2
ǫMNOPQ∂
OGPQ + · · · , (8)
where the dots stand for contributions from interaction terms. So all four real vectors of
the massless N = 2 gravitino multiplet can be dualized and then dimensionally reduced
to four dimensions. The implementation of the Scherk-Schwarz mechanism on S1/Z2
requires that fields of the same index structure come in pairs, so that one of them can
be projected out by the Z2 reflection whereas the other becomes a massive field in the
4-dimensional theory. If both BM and CM are dualized, the field strength FMN
i
a is simply
replaced by its dual in the Lagrangian and the supersymmetry transformations and the
automorphism group decomposes as before as USp(4)→ SU(2)⊗ SU(2).
The other possibility is the dualization of only two vectors, which must be the real or
imaginary parts of the vectors BM = B
R
M + iB
I
M and CM = C
R
M + iC
I
M . Otherwise, either
the complex vector or the complex antisymmetric tensor are completely projected out.
Here, the imaginary parts are chosen to be dualized: BIM → BIMN and CIM → CIMN . This
corresponds to the decomposition
FMN
i
a = Re(FMN
i
a) + iIm(FMN
i
a)
→ FRMNia + ivMNia ,
where vMN
i
a = 1/2ǫMNOPQ∂
OGPQ
i
a and GMN
i
a =
(−CIMN BIMN
BIMN C
I
MN
)
. To conserve this
structure, the SU(2)⊗SU(2) transformations must be restricted to those which do not mix
real and imaginary parts. Therefore only the generator σ2 is allowed, which corresponds
to a decomposition SU(2)⊗ SU(2)→ U(1)⊗ U(1).
5This is not true for a 5-dimensional AdS background, where antisymmetric tensors satisfy additional
self-duality conditions [16].
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BRm B
R
4 C
R
m C
R
4 B
I
mn B
I
m4 C
I
mn C
I
m4
Parity -1 1 1 -1 1 -1 -1 1
Table 3: Bosonic parity assignment of the dualized D = 5 N = 2 gravitino multiplet in
terms of D = 4 fields.
Dualization of the imaginary parts of the complex vectors BM and CM yields the
Lagrangian
L = i
2
Ψ¯iMΓ
MNO∂NΨ
i
O −
i
2
χ¯iΓ
M∂Mχ
i
+
1
8
FRMN
i
aF
RMNa
i +
1
8
vMN
i
av
MNa
i , (9)
and the supersymmetry transformations are
δΞΨ
i
M =
1
6
FRNO
i
a(ΓM
NO + 2δ
[N
M Γ
O])Ξa +
i
6
vNO
i
a(ΓM
NO + 2δ
[N
M Γ
O])Ξa
δΞA
R
Ma
i
= − i√
3
Ξ¯aΓMΛ
i − iΞ¯aΨiM + h.c.
δΞGMNa
i =
1√
3
Ξ¯aΓMNχ
i − Ξ¯aΓ[MΨiN ] + h.c.
δΞΛ
i = − 1
2
√
3
FRMN
i
aΓ
MNΞa − i
2
√
3
vMN
i
aΓ
MNΞa . (10)
The parities of the antisymmetric tensors in terms of 4-dimensional fields are determined
by the parities of the dual vectors and the dualization relation (8) and are listed in Table 3.
Performing the same procedure and redefinitions (5) as before, the following Lagrangian
is obtained:
L4 = ǫmnpqψ¯2mσ¯n∂pψ2q − iλ¯1σ¯m∂mλ1 − iν¯1σ¯m∂mν1
−1
4
CRmnC
Rmn − 1
4
FCI4mnFC
I
4
mn +
1
4
vB
I
m v
BIm − 1
2
DmBR4 DmBR4
−
√
3
2
m(iψ2mσ
mν¯1 + h.c.)−m(ν1ν1 + h.c.)
+
1
2
mλ1λ1 −mψ2mσmnψ2n + h.c. (11)
with supersymmetry transformations
δξC
R
m = i
1√
3
ξ1σmλ¯1 + ξ
1ψ2m − i
1√
6
ξ1σmν¯1 + h.c.
δξB
R
4 =
1√
3
ξ1λ1 +
√
2
3
ξ1ν1 + h.c.
δξB
I
mn = −
2√
3
ξ1σmnλ
1 − 2
√
2
3
ξ1σmnν
1 − iξ1σ[mψ¯2n] + h.c.
6
δξC
I
m4 = −
i√
3
ξ1σmλ¯1 +
i√
6
ξ1σmν¯1 + ξ
1ψ2m + h.c.
δξλ
1 =
1√
3
CRmnσ
mnξ1 +
i√
3
DmBR4 σmξ¯1 −
1√
3
FCI4mnσmnξ1 +
1√
3
vB
I
m σ
mξ¯1
δξν
1 = − 1√
6
CRmnσ
mnξ1 + i
√
2
3
DmBR4 σmξ¯1 +
1√
6
FCI4mnσmnξ1 +
√
2
3
vB
I
m σ
mξ¯1
δξψ
2
m = −
i
2
CR+mnσ
nξ¯1 +DmBR4 ξ1 −
i
2
FCI4+mnσnξ¯1 + ivBIm ξ1 ,
where DmBR4 = ∂mBR4 − mCRm, FC
I
4
mn = ∂[mC
I
n]4 − mBImn and vB
I
m = 1/2ǫmnop∂
nBIop. In
the dual case, the vector CIm4 becomes the Goldstone boson of the spontaneously broken
gauge symmetry mediated by the antisymmetric tensor BImn. This is the dual Higgs
mechanism investigated in Ref. [17]. As before, the 5-dimensional theory has a fermionic
gauge symmetry which is spontaneously broken upon generalized dimensional reduction
(7). The generalized dimensional reduction of the massless gravitino multiplet with four
antisymmetric tensors is analogous to the case illustrated above and will not be presented
here.
These 4-dimensional theories correspond exactly, up to field relabelings, to the dual
versions of the massive N = 1 gravitino multiplet (out of unitary gauge) before being
coupled to gravity [2]. In order to exhibit the superHiggs effect for partial supersymme-
try breaking, the above multiplets must be coupled to gravity and the fermionic gauge
symmetry must be promoted to a local supersymmetry. This will be addressed in the
next section.
3 Generalized dimensional reduction of pure N = 4
D = 5 supergravity
The complete theory of partially broken supergravity in four dimensions to all orders in
the fields should now be obtainable by Noether-coupling the massless gravitino multiplet
to pure N = 2 D = 5 supergravity [5, 6, 18] and performing a generalized dimensional
reduction. Since consistency requires that the fermionic gauge symmetries of the massless
gravitinos become local supersymmetries, the resulting theory must be N = 4 supersym-
metric. Therefore, the Scherk-Schwarz mechanism should be applied to N = 4 D = 5
supergravity. The pure five-dimensional N = 4 supergravity was shown to be derivable
as a consistent truncation of the maximal N = 8 supergravity [5]. The explicit form of
the N = 4 supergravity Lagrangian and its supersymmetry transformations was given in
Ref. [14].
For the sake of clarity representative parts of the result of [14] are reproduced6. N =
4 supergravity has a USp(4) symmetry inherited from the automorphism group of the
supersymmetry algebra and its field content together with a consistent parity assignment
6Here, the vector in the singlet representation of USp(4), Bµ, from Ref. [14] has been renamed to
GM and the vector fields in the 5-dimensional representation of USp(4) are parametrized as in (1). Also,
the 5-dimensional spinors χi have been renamed to Λi. The following redefinitions were performed:
ΓA → −iΓA, AMij → 1/2AMij , and Ξi → 2Ξi.
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λi ψim ψ
i
4˙
ξi i
Parity -1 1 -1 1 1
1 -1 1 -1 2
1 -1 1 -1 3
-1 1 -1 1 4
Table 4: Fermionic fields and parities of D = 5 N = 4 supergravity in terms of D = 4
Weyl spinors.
eam e
4
m e
4
4˙ Gm G4˙ σ Am A4˙ Bm B4˙ Cm C4˙
Parity 1 -1 1 -1 1 1 -1 1 -1 1 1 -1
N = 2 supergravity vector mult. gravitino mult.
Table 5: Bosonic fields and parities of D = 5 N = 4 supergravity in terms of D = 4 fields.
for inversion of the fifth co-ordinate is given in Tables 4 and 5. The Lagrangian is given
up to terms of order O(κ)O(fermions)7 and the supersymmetry transformations are given
up to three-fermion terms. The Lagrangian reads
κe−1L = − 1
2κ2
R+ i
2
Ψ¯iMΓ
MNODNΨ
i
O −
i
2
Λ¯iΓ
MDMΛ
i
− 1
16
e
2√
3
κσ
F ijMNF
MN
ij −
1
4
e
− 4√
3
κσ
GMNG
MN − 1
2
∂Mσ∂
Mσ
+
κ
16
√
2
e−1ǫMNOPQF ijMNFOPijGQ +O(κ)O(fermions) , (12)
and the supersymmetry transformations are
δΞΨMi =
2
κ
DMΞi − 1
6
e
1√
3
κσ
FNOij(ΓM
NO + 2δ
[N
M Γ
O])Ξj
− 1
6
√
2
e
− 2√
3
κσ
GNO(ΓM
NO + 2δ
[N
M Γ
O])Ξi + (3-fermion terms)
δΞAM
ij =
i√
3
e
− 1√
3
κσ
(2Ξ¯[iΓMΛ
j] − ΩijΞ¯kΓMΛk)
−ie− 1√3κσ(2Ξ¯[iΨj]M − ΩijΞ¯kΨkM)
δΞΛi = −ΓMΞi∂Mσ − 1
2
√
3
e
1√
3
κσ
FMNijΓ
MNΞj
+
1√
6
e
2√
3
κσ
GMNΓ
MNΞi + (3-fermion terms)
δΞGM = i
√
2
3
e
2√
3
κσ
Ξ¯iΓMΛ
i +
i√
2
e
2√
3
κσ
Ξ¯iΨ
i
M
δΞσ = −iΞ¯iΛi
δΞe
A
M = iκΞ¯iΓ
AΨiM . (13)
7The Lagrangian derived in Ref. [14] includes such terms up to four-fermion terms, but they are not
illustrative in the context of partial supersymmetry breaking.
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The fields and supersymmetry parameters that are enclosed in double lines in Tables 4
and 5 are the ones coming from the gravitino multiplet. This field content shows that a
consistent Noether-coupling of the gravitino multiplet to N = 2 supergravity necessitates
the inclusion of a vector multiplet with fields (λ1, λ2, σ, Am, A4˙).
From the parities in Tables 4 and 5 it is clear that the four dimensional theory contains
in addition to the fields of N = 2 D = 4 supergravity and the massive N = 1 gravitino
multiplet out of unitary gauge [2] two chiral multiplets (λ2, ψ2
4˙
, P, G4˙, σ, A4˙) where e
P =
e44˙. This is the field content of one vector- and one hyper-multiplet coupled to N = 2
supergravity.
The rest of this section is now devoted to showing that a generalized dimensional
reduction of N = 4 D = 5 supergravity on S1/Z2 with appropriately chosen USp(4)-
generator for the Scherk-Schwarz mechanism indeed leads to partially broken N = 2
supergravity in four dimensions. First, those USp(4)-generators which satisfy the condi-
tion (4) with Z2 = ±diag(1,−1,−1, 1)⊗ iΓ4 must be singled out. Out of Tr r ∈ {1, ..., 10}
(see Appendix), the generators Ts with s ∈ {1, 2, 4, 5, 8, 10} satisfy (4).
From the supersymmetry transformation of the gravitinos (13)
δΞΨiM =
2
κ
DMΞi + · · ·
→ δΞ(eimTsx4)i
j
ΨiM =
2
κ
DM
(
(eimTsx
4
)i
j
Ξj
)
+ · · · (14)
it is obvious that the fifth component Ψi4˙ of the gravitinos can pick up a constant shift
∼ m. With the redefinition (5) the corresponding 4-dimensional gravitino Ψim will also
pick up a shift, thus identifying the broken supersymmetries.
The choice Ts with s ∈ {8, 10} would break all supersymmetries. In order to match
the Scherk-Schwarz mechanism in Sec. 2, the generator T5 =
(
0 0
0 σ2
)
will be used to
implement the partial breaking of supersymmetry in the 4-dimensional theory. With T5,
both ψ3
4˙
and ψ4
4˙
acquire a shift under supersymmetry transformations
δξ
(
ψ3
4˙
ψ4
4˙
)
=
2
κ
m
(
0 1
−1 0
)(
ξ3
ξ4
)
+ . . .
Since ψ4
4˙
is projected out under the Z2 reflection, only ψ
3
4˙
will be the Goldstino of one
spontaneously broken supersymmetry in the 4-dimensional theory.
The dimensional reduction from M5 →M4 × S1/Z2 requires Weyl rescalings and field
redefinitions described in Refs. [6, 19] in order to obtain canonically normalized diagonal
kinetic terms. They are simplified, however, because the vector e4m from the fu¨nfbein
used for the Weyl rescaling is odd under the Z2 reflection. Explicitly the rescalings and
redefinitions are: eam → e−P/2eam, ξi → e−P/4ξi, λi → −ieP/4λi, ψ1m → e−P/4ψ1m +
i/2σmψ¯2,4˙e
−3P/2, ψ4m → e−P/4ψ4m − i/2σmψ¯3,4˙e−3P/2, ψi4˙ → e5P/4
√
2/3 νi.
The resulting 4-dimensional Lagrangian up to terms of order O(κ)O(fermions) in the
conventions of [20] reads
e−1L =
− 1
2κ2
R+ ǫpqrsψ¯ipσ¯qDrψis − iχ¯iσ¯mDmχi − iΩ¯iσ¯mDmΩi
9
− 1
4
e
√
2κϕAmnA¯mn− 1
2
∂mϕ∂
mϕ− 1
2
e−2
√
2κϕ∂mπ∂
mπ − 1
2
∂mϕ˜∂
mϕ˜− 1
2
e2κϕ˜DmπaDmπa
−meκ(ϕ˜− 1√2ϕ)(− i√
2
ψ2mσ
mΩ¯1 + iψ
2
mσ
mχ¯1 −
√
2Ω1χ1 +
1
2
χ1χ1 + ψ2mσ
mnψ2n + h.c.)
+
κ
4
√
2
πA˜mnA¯mn +O(κ)O(fermions) , (15)
and the supersymmetry transformations up to three-fermion terms are
δξe
a
m = −iκψimσaξ¯i + h.c.
δξψ
i
m =
2
κ
Dmξ
i − 1
2
ǫije
κ ϕ√
2A+mnσnξ¯j + i√
2
e−
√
2κϕ∂mπξ
i
−ieκϕ˜Dmπaσaijξj + im
κ
δi2e
κ(ϕ˜− 1√
2
ϕ)
σmξ¯2
+(3-fermion terms)
δξAm = e−κ
ϕ√
2 (−2iǫijψimξj −
√
2Ω¯iσ¯mξ
i)
δξΩ
i = − i√
2
e
κ ϕ√
2 A¯mnσmnξi − iǫijσmξ¯j(∂mϕ− ie−
√
2κϕ∂mπ)
−
√
2
m
κ
ǫi2e
κ(ϕ˜− 1√
2
ϕ)
ξ2 + (3-fermion terms)
δξχ
i = −iǫijσmη¯j∂mϕ˜− eκϕ˜ǫijσajkDmπaσmη¯k
+2
m
κ
ǫi2e
κ(ϕ˜− 1√
2
ϕ)
ξ2 + (3-fermion terms)
δξπ = e
√
2κϕ(iǫijΩ
iξj + h.c.)
δξϕ = ǫijΩ
iξj + h.c.
δξϕ˜ = ǫijχ
iξj + h.c.
δξπ
a = e−κϕ˜(−iχiσaijǫjkξk + h.c.) , (16)
where Dmπaσaij = ∂mπaσaij −m(σ1ijAm + σ2ijBm), σaij = ǫilǫjkσalk, Am = Am + iBm,
and A˜mn = ǫmnopAop. Here, several field redefinitions have been performed to facilitate
the identification of 4-dimensional N = 2 multiplets. With the rescaling P →
√
2/3P
the chart of fields in Eqs. (15, 16) corresponding to the fields in Eqs. (12, 13) is given in
Table 6. In terms of N = 2 multiplets, the fields (eam, ψ
1
m, ψ
2
m, Am) constitute the N = 2
supergravity multiplet, (ϕ, π, Ω1, Ω2, Bm) constitute an N = 2 vector multiplet, and (ϕ˜,
π1, π2, π3, χ1, χ2) form a hyper-multiplet.
From the Lagrangian (15) and the supersymmetry transformations (16) it is obvious
that ψ2m is the gauge field for the spontaneously broken supersymmetry, whereas a linear
combination of Ω1 and χ1 is the associated Goldstino. Its supersymmetric partner, the
scalar π1+iπ2 is the Goldstone boson of a spontaneously broken central charge gauged by
the vector Am. That can be seen from the closure of the first and second supersymmetry
algebra on π1 + iπ2 and Am [2].
This result should be compared to partially broken 4-dimensional N = 2 supergravities
with complete N = 2 multiplets constructed in Refs. [8, 9, 10]. Albeit equivalent up to
field redefinitions, the non-singular parametrization of the scalar fields in Ref. [9] is closest
to the parametrization of the scalars as obtained by the above-described dimensional
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part. broken N = 2 D = 4 SUGRA N = 4 D = 5 SUGRA
ϕ (
√
2σ + P )/
√
3
ϕ˜ (σ −√2P )/√3
π G4˙
π1 + iπ2 B4˙
−π3 A4˙
Am Cm
eam e
a
m
ψ1m ψ
1
m
ψ2m ψ
4
m
for i ∈ {2, 3} χ
4−i
Ω4−i
(λi +
√
2νi)/
√
3
(
√
2λi − νi)/√3
Table 6: Corresponding fields of partially broken N = 2 D = 4 supergravity and pure
N = 4 D = 5 supergravity.
reduction, so the field labels from [9] are used in Table 6. In Ref. [9] the breaking of the
ith supersymmetry is parametrized by the quantities µi, i ∈ {1, 2}. In this context, the
second supersymmetry is chosen to be broken, so µ1 = 0 and µ2 = m. The more general
supersymmetry breaking scenario in Ref. [9] can be obtained from five dimensions by the
choice µ1T2 + µ2T5 for the Scherk-Schwarz generator. One finds complete agreement of
(15) and (16) up to trivial phase factors with the corresponding expressions in Ref. [9].
4 Conclusions
In this paper it was shown that partial supersymmetry breaking N = 2 → N = 1 in
four dimensions can be easily reproduced by compactifying N = 4 D = 5 supergravity
on the orbifold S1/Z2 and using the Scherk-Schwarz mechanism. This means that com-
pactification of N = 4 D = 5 supergravity on S1/Z2 automatically leads to an N = 2
supersymmetric theory in four dimensions in which no prepotential exists for the vector
multiplet — thus allowing for partial supersymmetry breaking [10]. Although the deriva-
tion of partially broken theories in four dimensions from five dimensions is considered here
only as a convenient tool, it allows for straightforward extensions like matter couplings or
embeddings in higher-N theories in five dimensions. This is possible because the starting
point — N = 4 D = 5 supergravity — is a linearly realized massless theory with complete
multiplets. Therefore it is not surprising that complete N = 2 supermultiplets as in Refs.
[8, 9, 10] persist in four dimensions in the nonlinearly realized broken phase.
The Poincare´ dualities exploited in Ref. [2] for massless vectors and scalars in four
dimensions can now be seen to be consequences of a duality in five dimension relating a
massless vector to a massless antisymmetric tensor. Dual formulations of the theories in
Refs. [8, 9, 10] can be found by dualizing first the Goldstone scalars to antisymmetric
tensors and then dualizing the vectors according to the method described in Ref. [21].
These theories correspond to lowest order in the fields to the effective theories derived in
Ref. [2].
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In Ref. [3] the partial breaking of extended supersymmetry in four dimensions with
a minimal field content as dictated by the superHiggs effect was extended to an anti-de
Sitter background. There it was found that only one of the two Goldstone scalars in the
theory out of unitary gauge could be dualized to an antisymmetric tensor, the other one
could not be dualized because it occurred in the theory without derivatives acting upon
it. If one were to derive this theory by a compactification AdS5 → AdS4 × S1/Z2, the
resulting 4-dimensional theory would as well contain one vector and one antisymmetric
tensor, since the bosonic group structure of the N = 4 AdS5 automorphism group requires
two of the five vectors, which reside in the 5-dimensional representation of USp(4) in a
Minkowski background, to be replaced by antisymmetric tensors [22]. The gauge group
then becomes SU(2)⊗U(1) and the Z2 reflection would project out two of the vectors in
SU(2) and one antisymmetric tensor in U(1). Work along these lines is in progress.
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Appendix
The 5-dimensional Dirac algebra with the space-time metric ηAB = diag(−1, 1, 1, 1, 1)
reads
{ΓA,ΓB} = −2ηAB ,
where ΓA ∈ {γ0, γ1, γ2, γ3, γ5}. The matrices γa and γ5 are defined as in Ref. [20] and
the antisymmetric combinations ΓA1...An = 1
n!
Γ[A1 · · ·ΓAn] are defined with strength one.
The 5-dimensional epsilon-tensor is defined by ǫ01234 = 1.
The real symplectic metric to lower USp(2N)-indices is chosen to be Ωij = 1N ⊗ iσ2.
It is used to raise and lower symplectic indices of the vectors V i and Vi according to
V i = ΩijVj and Vi = ΩijV
j .
A symplectic Majorana spinor in five dimensions (denoted by upper case Greek letters)
is written in terms of Weyl spinors in four dimensions (denoted by lower case Greek letters)
as
Ψi =
(
ψiα
−Ωijψ¯α˙j
)
, Ψ¯i = (Ωijψ
jα ψ¯iα˙) ,
where ψ¯α˙i = ǫ
α˙β˙(ψiβ)
∗. “Symplectic” indices on Weyl spinors in four dimensions are merely
labels — they are not covariant indices.
The massless superalgebra in five dimensions has a USp(N) automorphism group.
USp(N) with N even is the compact Lie group defined by the set of complex N × N
matrices that are both unitary and symplectic. The generators of the corresponding Lie
algebra usp(N) form a set of N(N+1)/2 hermitian matrices Tr that satisfy the symplectic
condition TrΩ.. + Ω..T
⊤
r = 0 ∀r ∈ {1, ..., N(N + 1)/2}. The representation of the basis
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elements of usp(4) used in this paper is
Tr ∈
{(
σj 0
0 0
)
,
(
0 0
0 σj
)
,
(
0 σ1
σ1 0
)
,
(
0 −σ2
−σ2 0
)
,
(
0 σ3
σ3 0
)
,
(
0 i
−i 0
)}
with r ∈ {1, ..., 10}.
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